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SUMMARY 


Cyclotol  70/30,  a  high  explosive  with  a  nominal  composition  of 
70  percent  RDX  and  30  percent  TNT,  was  detonated  in  configurations 
representative  of  the  hopper  configuration  at  the  end  of  the  casting 
belt,  the  transfer  box,  and  shipping  container  typical  in  a  manufacturing 
facility.  Blast  output  parameters  were  measured.  The  airblast  overpressure 
and  impulse  data  were  compared  with  a  standard  hemispherical  TNT  curve  to 
determine  equivalency.  The  results  of  these  tests  are  presented  in  the  table 
below. 


The  pressure  equivalencies  were  greater  than  100  percent  at  the  near¬ 
field  scaled  distances  <  3.57  m/kg^'^  (9.0  ft/lb^/^)  for  all  configurations, 
and  varied  above  and  below  100  percent  at  the  far-field  scaled  distances 
>7.14  m/kgl/3  (18.0  ft/lbl/3).  Impulse  equivalencies  varied  for  each  test 
series  and  were  greater  than  100  percent  for  all  configurations  at  scaled 
distances  *4  3.57  m/kg^^  (9.0  ft/lb^  )  and  varied  above  and  below  100 
percent  at  scaled  distances  >  3.57  rn/kgl/-^  (9.0  ft/lb^/^).  Test  results 
indicated  that  pressure  and  impulse  values  were  dependent  on  geometry  and 
scaled  according  to  the  cube  root  of  the  charge  weight. 
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INTRODUCTION 


Tests  were  conducted  under  Project  No.  5794285  TNT  Equivalency  as  an 
engineering  effort  to  provide  TNT  equivalency  data  in  support  of  Project 
5863000B(RDX  Special  Products  Facility). 

Cyclotol  70/30  is  a  high  explosive  with  a  nominal  composition  of  70 
percent  RDX  and  30  percent  TNT.  The  TNT  equivalency  tests  covered 
those  configurations  which  are  encountered  at  sensitive  locations  of  the 
explosive  manufacturer's  facility.  These  configurations  are  the  hopper 
configuration  at  the  end  of  the  casting  belt,  the  transfer  box,  and  the 
shipping  container,  typical  of  a  manufacturing  facility.  The  amounts  of 
Cyclotol  70/30  in  these  configurations  are  113.4  kg  (250  lb),  635.03  kg 
(1400  lb),  and  27.22  kg.  (60  lb),  respectively.  The  large  weight  contained 
in  the  hopper  configuration  and  the  transfer  box  configuration  was  scaled 
down  for  these  tests.  The  explosive  is  found  in  the  manufacturer’s  plant 
in  both  wet  and  dry  conditions.  Since  the  dry  condition  is  more  sensitive 
than  the  wet,  only  the  dry  condition  was  tested. 


The  objective  of  this  work  was  to  determine  the  maximum  output  from 
the  detonation  of  Cyclotol  70/30  explosive  in  terms  of  the  peak  airblast  over¬ 
pressure  and  positive  impulse.  The  measured  pressure  and  impulse  data  were 
compared  with  known  TNT  test  data  (curves),  to  determine  the  equivalency  of 
Cyclotol  70/30  in  relation  to  TNT. 


EXPERIMENTAL  METHODS 


MATERIALS 


The  test  material  was  Cyclotol  70/30  Type  II,  Class  A,  Lot  Number 
HOL  79G  795-003,  Batch  numbers  46,  47,  48  and  49.  The  explosive  was  received 
from  Holston  Army  Ammunition  Plant  in  standard  shipping  containers  of  27.22 
kg  (60  lb)  net  weight. 

TEST  PLAN 


Airblast  output  was  evaluated  for  weights  and  configurations  of  Cyclotol 
70/30  representing  bulk  Cyclotol  in  a  shipping  box,  transfer  box  and  a  hopper 
configuration.  Physical  characteristics  of  the  test  items  are  as  follows: 

(1)  The  orthorhombic  shipping  container  was  tested  with  a  linear  dimensional 
scaling  factor  of  0.79  and  in  the  full-scale  linear  dimension.  The  boxes  were 
fabricated  and  filled  with  13.61  kg  (30  lb)  and  27.22  kg  (60  lb)  of  Cyclotol 
70/30  respectively.  These  containers  are  represented  in  figures  la  and  lb. 
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(2)  The  fiberboard  transfer  box  was  tested  with  linear  dimensional 
scaling  factors  of  0.41  and  0.47.  The  boxes  were  fabricated  and  filled 
with  45.36  kg  (100  lb)  and  68.04  kg  (150  lb)  respectively.  These  containers 
are  represented  in  figures  lc  and  Id. 

(3)  The  simulated  wood  hopper  was  tested  with  linear  dimensional  scaling 
factors  of  0.73  and  0.84.  The  simulated  wood  hoppers  were  fabricated  from 
plywood  and  filled  with  45.36  kg  (100  lb)  and  68.04  kg  (150  lb)  respectively. 
These  containers  are  represented  in  figures  le  and  If. 


A  composition  C4  conically  shaped  booster  (aspect  ratio  1:2  L/D)  was 
centered  on  top  of  the  shipping  container  and  transfer  box  test  charges. 
Boosters  for  the  simulated  wood  hopper  had  an  aspect  ratio  of  1:4  L/D  and 
were  similarly  placed.  The  size  of  the  booster  was  2  percent  of  the  charge 
weight.  The  booster  was  initiated  with  an  engineers  special  .12  blasting  cap 
inserted  at  the  apex  and  embedded  to  the  center  of  the  cone. 

The  test  charges  in  each  configuration  were  placed  on  a  1010  carbon 
steel  witness  plate  1.27  cm  (0.5  in.)  thick  with  the  dimensions  being  at 
least  5.08  cm  (2  in.)  larger  than  the  base  of  the  test  configuration  dimension. 


INSTRUMENTATION 


Twelve  PCB  Piezotronics  side-on  pressure  transducers  were  mounted  flush 
to  the  surface  in  each  of  two  sand-filled  arrays  within  the  test  area  shown 
in  figure  2.  Distances  from  the  charge  to  the  transducer  corresponded  to 
scaled  distances  from  1.19  to  15.87  m/kg^^  (3  to  40  ft/lb1/^).  The  trans¬ 
ducers  were  individually  calibrated  prior  to  the  beginning  of  each  test  series 
with  pressure  pulses  from  a  standard  solenoid-actuated  air  pressure  calibration 
fixture,  adjusted  to  correspond  to  expected  blast  pressure  based  on  an  assumed 
TNT  equivalency  of  100  percent.  Signal  line  continuity  and  channelization 
were  checked  prior  to  each  test  along  with  a  daily  electrical  calibration  of 
the  recording  system.  Details  of  distances  between  charge  and  transducers, 
calibration  pressure,  and  expected  peak  blast  pressure  at  each  distance  are 
shown  in  table  1. 

Photographic  coverage  was  restricted  to  two  tests  of  each  configuration 
(figure  2).  Motion  picture  coverage  included  a  Mitchell  camera  Model  U516-E4 
operating  at  500  frames  per  second  (fps)  and  one  Mitchell  camera  (same  model) 
operating  at  24  fps.  Before  and  after  color  still  photographs  were  taken  of 
each  test  showing  typical  setup  and  results.  Standard  meteorological  data 
were  recorded  for  each  test. 


2 


RESULTS 


DATA  ANALYSIS 

Peak  blast  overpressure  and  positive  impulse  information  were  obtained 
in  digital  form.  The  mean  and  standard  deviation  were  then  obtained  and  all 
data  which  fell  outside  two  standard  deviations  were  excluded  from  the  TNT 
equivalency  calculations.  The  data  were  then  compared  to  data  from  TNT 
hemispheres.^  A  computer  program  was  employed  which  utilizes  an  iterative 
process  that  factors  out  the  contribution  of  the  booster  charge  weight  and 
calculates  the  pressure  and  impulse  equivalencies . 2  The  calculated  TNT 
equivalencies  were  arranged  in  tabular  form  and  also  plotted  as  functions  of 
sample  scaled  distance.  The  standard  curve  for  TNT  hemisphere  reference  data 
is  shown  in  Figure  3. 

TEST  RESULTS 

Data  sheets  for  all  tests  with  pertinent  measured  parameters  are  given 
in  Appendix  A.  Selected  pretest  and  postcest  still  photographs  are  given  in 
Appendix  B.  Test  numbers  shown  are  for  local  reference  only  and  provide  access 
to  original  range  data  files. 

Mean  pressure,  scaled  positive  impulse,  and  TNT  equivalency  data  are 
summarized  by  test  configuration  in  Tables  2  through  7.  Figures  4,  6,  8,  10, 

12,  and  14  show  the  plots  of  peak  pressure  and  scaled  posit!  'e  impulse  versus 
scaled  distance.  Figures  5,  7,  9,  11,  13,  and  15  show  the  plots  of  TNT 
equivalency  versus  scaled  distance  for  peak  pressure  and  scaled  positive  im¬ 
pulse  by  test  configuration.  The  deviation  from  cube  root  scaling  is  shown 
in  Figure  16.  Fireball  diameter  and  duration,  as  measured  from  the  high  speed 
motion  pictures,  are  given  in  Table  8. 

i)l  SCUSSJL°N 

Plots  of  peak  pressure  and  scaled  positive  impulse  for  the  scaled 
shipping  container  are  shown  in  Figure  4.  The  plots  of  TNT  equivalencies  for 
pressure  and  scaled  impulse  are  shown  in  Figure  5.  Pressure  values  were  greater 
than  expected,  except  at  the  scaled  distance  of  7.14  m/kg^^  (18.0  ft/lb^'^). 
Pressure  equivalencies  were  greater  than  100  percent,  except  at  the  scaled 
distance  of  7.14  m/kg^-^  (18.0  ft/lb*/-*)  where  the  value  was  98  percent.  At  a 
near-field  value  of  1.59  rn/kg^/^  (4,0  ft/lb^/-^),  the  pressure  equivalency  was 
391  percent  for  the  highest  value,  ranging  to  a  low  of  98  percent  at  the  far- 
fieid  value  of  7.14  m/kgl/3  (18.0  ft/lb*'-*)  and  increasing  to  197  percent  at 
the  scaled  distance  of  15.87  m/kgl/3  (40.0  ft/lb^/3).  Scaled  impulse  values 
were  greater  than  expected,  except  at  the  scaled  distance  of  3.57  m/kg^/^ 

(9.0  ft/lbl/3).  Scaled  impulse  equivalencies  were  greater  than  100  percent, 
except  at  the  scaled  distance  of  3.57  m/kgl/3  (9.0  ft/lb^'^)  where  the  value 
was  92  percent.  At  a  near-field  value  of  1.19  m/kg*'^  (3.0  ft/lb^/^),  the 
impulse  equivalency  was  327  percent  for  the  highest  value,  ranging  to  a  low 
of  92  percent  at  the  scaled  distance  of  3.57  m/kgl/3  (9.0  ft/lb^-^  and  increas¬ 
ing  to  a  value  of  119  percent  at  a  scaled  distance  of  15.87  m/kgl/3  (40.0  ft/lb^3)% 
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Plots  of  peak  pressure  and  scaled  positive  impulse  for  the  criminal 
shipping  container  are  shown  in  figure  6.  The  plots  of  TNT  equivalencies 
for  pressure  and  scaled  impulse  are  shown  in  Figure  7.  Pressure  values  were 
greater  than  expected,  except  at  the  fa r-field  scaled  distance  of  7.14  m/kg'/* 

(18.0  ft/lb'/3).  Pressure  equivalency  values  were  greater  than  100  percent, 
except  at  the  scaled  distance  of  7.14  m/kg'/*  (18.0  ft/lb'/*)  where  the  value 
was  93  percent.  At  a  near-field  value  of  1.19  111/kg'/3  (3.0  ft/lb'/*)  the 
pressure  equivalency  value  was  564  percent  for  the  highest  value,  ranging  to 
a  low  of  93  percent  at  a  far-l'ield  scaled  distance  of  7.14  m/kg'/*  (18.0  ft/lb'/*). 
Scaled  impulse  values  were  greater  than  expected  at  all  scaled  distances. 

Impulse  equivalency  values  were  greater  than  100  percent  at  all  scaled  distances. 

At  a  near-field  value  of  1.19  m/kg*/  (3.0  ft/lb'/*),  the  impu 1  sc  equivalency 
was  356  percent  for  the  highest  value,  ranging  to  a  low  of  116  percent  aL  a 
scaled  distance  of  3.57  m/kg*'  (9.0  ft/lb'/*)  and  increasing  to  a  value  of 
173  percent  at  a  scaled  distance  of  7.14  m/kg*/3  (18.0  ft/lb*/*). 

The  plots  of  peak  pressure  and  scaled  positive  impulse  for  the  13.61  kg 
(30  lb)  charge  and  the  27.22  kg  (60  lb)  charge  show  the  same  general  trend. 

The  plots  of  TNT  equivalency  values  for  pressure  and  scaled  positive  impulse 
show  the  same  general  trend.  At  the  close-in  scaled  distance  of  1.19  m/kg*/* 

(3.0  f  t  /  lb  *  I  *)  ,  the  pressure  values  for  the  27.22  kg  (60  lb)  charge  was 
significantly  higher  than  for  the  13.61  kg  (30  lb)  charge.  This  is  consistent 
with  high  explosives  where  the  pressure  differences  are  greater  close*  to  the 
charge  and  diminish  as  the  distance  increases. 


Plots  of  peak  pressure  and  sealed  positive  impulse  for  the  scaled  fiber- 
board  transfer  box  for  a  charge  weight  of  45.36  kg  (100  lb)  are  shown  in  Figure  8. 
The  plots  of  TNT  equ ivalencies  for  pressure  and  scaled  impulse  are  shown  in 
Figure  9.  Pressure  values  were  greater  than  expected  at  all  scaled  distances. 
Pressure  equivalency  values  were  greater  than  100  >ereent  at  all  scaled  distances. 
At  a  near-field  value  of  1.19  m/kg*/3  (3.0  ft/lb*/"*),  the  pressure  equivalenev 
was  445  percent  for  the  highest  value,  ranging  to  a  low  of  136  percent  at  the 
far-fieiu  scaled  distances  of  7.14  m/kg*/-*  (18.0  ft/lb*/*)  and  15.07  m/kg*'  * 

(40.0  ft/lb*/-*).  Scaled  impulse  values  were  greater  than  expected,  except  at 
the  far-field  scaled  distances  of  7.14  m/kg  '  (18.0  ft/lb* /"*)  and  15.87  m/kg*/ 

(tO.O  ft/lb*'-*).  Impulse  equivalency  values  were  greater  than  100  percent, 
except  at  the  scaled  distances  of  7.14  m/kg*/-*  (18.0  ft/lb*/"*)  and  15.87  tn/kg* 
(40.0  ft/lb*/3)  where  the  values  were  81  percent  and  97  percent.  At  a  near¬ 
field  value  of  1.19  m/kg*/3  (3.0  ft/lb*/3),  the  impulse  equivalency  was  248  per¬ 
cent  for  the  highest  value,  ranging  to  a  low  of  81  percent  at  the  far-field 
value  of  7.14  m/kg*/J  (18.0  ft/lb*/3). 


Plots  of  peak  pressure  and  scaled  positive  impulse  for  the  scaled  fiber- 
board  transfer  box  for  a  charge  weight  of  68.04  kg  (150  lb)  are  shown  in 
Figure  10.  The  plots  of  TNT  equivalencies  for  pressure  and  scaled  positive 
impulse  are  shown  in  Figure  11.  Pressure  values  were  greater  than  expected  at 
all  scaled  distances.  Pressure  equivalency  values  were  greater  than  100  percent 
at  all  scaled  distances.  At  a  near-field  value  of  1.59  m/kg'/*  (4.0  ft/lb*/*), 
the  pressure  equivalency  was  642  percent  for  the  highest  value,  ranging  to  a  low 
of  111  percent  at  a  far-field  scaLed  distance  of  7.14  m/kg*/*  (18.0  ft/lb'/*) 
and  increasing  to  a  value  of  161  percent  at  a  far-field  scaled  distance  of 
15.87  m/kg*/*  (40.0  ft/lb*/3).  Scaled  impulse  values  were  greater  than  expected, 
except  at  the  scaled  distances  of  3.57  m/kg*/3  (9.0  ft/lb*/3)  and  7.14  m/kg*/ 
(18.0  ft/lb*/3  where  the  values  were  91  percent  and  77  percent.  At  a  near-field 
value  of  1.19  m/kg  (3.0  ft/lb*/3),  the  impulse  equivalency  was  295  percent 
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tor  Clio  ii ighes  t  value,  ranging  Co  a  low  of  77  percent  at  tlie  far-field  scaled 
distance  ill  7.14  in/kg*/*  (18.0  ft/lb*/*)  and  increasing  to  a  value  of  126 
percent  at  a  scaled  distance  of  15.87  m/kg  '  (40.0  lc/lb*'  ). 

Ibe  plots  ol  peak  pressure  and  scaled  positive  impulse  versus  scaled 
distance  tor  the  45.16  kg  (100  lb)  and  68.04  kg  (150  lb)  charges  show  the 
same  general  trend.  The  plots  of  TNT  equivalency  values  for  pressure  and 
scaled  positive  impulse  show  the  same  general  trend.  At  the  close-in  scaled 
distances  of  1.19  m/kg*/*  (1.0  ft/lb^/3)  ancj  1,59  m/kg*/*  (4.0  ft/lb*/*),  the 
pressure  values  tor  the  68.04  kg  (150  lb)  charge  were  greater  than  for  the 
45.36  kg  (100  lb)  charge.  This  is  consistent  with  high  explosives  where  the 
pressure  differences  are  greater  close  to  the  charge  and  diminish  as  the 
distance  increases. 


Tiols  of  peak  pressure  and  scaled  positive  impulse  for  the  simulated 
wood  hopper  for  a  charge  weight  of  45.36  kg  (100  lb)  are  shown  in  Figure  12. 

The  plots  of  TNT  equivalencies  for  pressure  and  scaled  impulse  are  shown  in 
Figure  13.  Pressure  values  were  greater  than  expected,  except  aL  a  far-field 
scaled  distance  of  15.87  m/kg*/**  (40.0  ft/lb' /*).  Pressure  equivalency  values 
were  greater  than  100  percent,  except  at  a  scaled  distance  of  15.87  m/kg*/* 

(40.0  ft/lb*'  )  where  the  value  was  94  percent.  At  a  close-in  scaled  distance 
of  1.59  m/kg*/*  (40.0  ft/lb*/*),  the  pressure  equivalency  was  874  percent  for 
the  highest  value,  ranging  to  a  low  of  94  percent  at  a  far-field  scaled  distance 
of  15.87  111/ kg  1 /  *  (40.0  ft/lb*/*).  Scaled  impulse  values  were  greater  than  ex¬ 
pected,  except  at  a  scaled  distance  of  7.14  m/kg*  (18.0  ft/ lb*/*).  Impulse 
equivalency  values  were  greater  than  100  percent,  except  at  the  far-field 
scaled  distance  of  7.14  m/kg*/*  (18.0  ft/lb*/'*)  where  the  value  vas  37  percent. 
At  a  close-in  scaled  distance  of  1.59  m/kg*/*  (4.0  ft/lb*/*),  the  impulse- 
equivalency  was  466  percent  for  the  highest  value,  ranging  to  a  low  of  57  per¬ 
cent  at  a  far-field  scaled  distance  of  7.14  m/kg  (18.0  ft/lb*/*),  and  then 
increasing  to  a  value  of  147  percent  at  a  scaled  distance  of  15.87  m/kg*  * 

(40.0  t't/lbl/3)  . 


Plots  of  peak  pressure  and  scaled  positive  impulse  for  the  simulated 
wood  hopper  for  a  charge  weight  of  68.04  kg  (150  lb)  are  shown  in  Fieure  1-.. 

The  plots  of  TNT  equivalencies  for  pressure  and  scaled  impulse  are  shown  in 
Figure  15.  Pressure  values  were  greater  than  expected,  except  at  a  far-field 
scaled  distance  of  15,87  m/kg*/*  (40.0  ft/lb*/*).  Pressure  equivalency  vqlues 
were  greater  than  100  percent,  except  at  a  scaled  distance  of  15.87  m  kc*  5 
(40.0  ft/lb*/*)j  where  the  value  was  94  percent.  At  a  close-in  s> aled  distaiue 
of  1.59  m/kg*  (4.0  ft/lbU3)t  the  pressure  equivalency  was  904  percent  for 
the  highest  value,  ranging  to  a  low  of  94  percent  at  a  scaled  distance  of 
15.87  m/kg*/3  (40.0  ft/lb^/3).  The  scaled  impulse  values  were  greater  than 
expected,  except  at  a  scaled  distance  of  7.14  m/kg'/*  (18.0  ft/lh*  *).  Impulse 
equivalency  values  were  greater  than  100  percent  at  the  far-field  scaled  dis¬ 
tance  of  7.14  m/kg*/*  (18.0  ft/lb*/3)  where  the  value  was  71  percei ■ .  At  a 
close-in  scaled  distance  of  1.19  m/kg*/*  (3.0  tt/lb  '*),  the  impulse  equivalence 
was  362  percent  for  the  highest  value,  ranging  to  a  low  of  71  percent  at  a 
scaled  distance  of  7.14  m/kg*/3  (18.0  ft/lb*/*)  and  increasing  to  a  value  of 
112  percent  at  the  far-field  scaled  distance  of  15.87  m/kg*/  (40.0  ft/lh*/*). 

The  plots  of  peak  pressure  and  scaled  positive  impulse  versus  scaled 
distance  for  the  45.36  kg  (100  lb)  charge  and  68.04  kg  (150  lb)  charge  in  a 
simulated  wood  hopper  show  the  same  general  trend.  The  plots  of  TNT 
equivalency  values  for  pressure  and  scaled  positive  impulse  show  the  same 
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general  trend.  Peak  pressure  and  scaled  positive  impulse  were  greater 
in  the  direction  normal  to  the  long  side  of  the  hopper,  but  not  enough  of  a 
significant  difference  existed  to  separate  tiiem  into  an  odd  gage/even  gage 
relationship.  The  high  equivalency  values  are  consistent  with  tests  performed 
on  Octol  75/25-*  in  the  same  hopper  configuration. 

Figure  16  shows  the  deviation  from  cube  root  scaling  as  a  function  of 
the  charge  weight.  Theoretically,  a  given  output  will  occur  at  a  distance 
from  an  explosion  that  is  proportional  to  the  cube  root  o(  the  energy  yield 
(known  as  cube  root  scaling  or  llopkinson's  Scaling)."1  With  the  aid  of  such 
a  law,  it  is  possible  to  present  data  for  a  large  range  of  weights  in  a  single 
form,  and  by  the  use  of  scaled  distances,  one  is  able  to  calculate  properties 
of  an  explosion  of  any  given  energy  if  those  for  another  energy  are  known, 
by  tile  use  of  cube  root  scaling,  one  can  determine  if  output  is  increasing 
or  decreasing  with  charge  weight.  To  what  degree  the  output  is  increasing 
or  decreasing  can  be  determined  by  performing  a  least  squares  linear  regression 
analysis  which  is  designed  to  minimize  the  sum  of  the  squares  of  the 
deviations  of  the  actual  data  points  from  the  straight  line  ot  best  fit.  A 
slope  of  1.00  for  this  line  would  indicate,  by  definition,  that  the  data 
scales.  An  increase  in  output  with  increasing  charge'  weight  would  be  indicated 
by  a  positive  slope.  A  decrease  in  output  with  increasing  charge  weight  would 
be  indicated  by  a  negative  slope.  Kqual  rise  or  fall  in  the  slope  of  the  line 
indicates  equal  percentage  changes.  For  Cvclotol  70/30  explosive,  the  slopes 
of  the  line  for  deviation  from  "cube  root  scaling"  for  peak  pressure  at  each 
scaled  distance,  as  a  function  of  charge  weight,  ranged  from  a  negative  slope 
of  0.9979  to  a  positive  slope  of  1.0043.  The  slopes  of  the  line  for  deviation 
from  'cube  root  scaling"  for  scaled  positive  impulse  at  each  scaled  distance, 
as  a  function  of  charge  weight,  ranged  from  a  negative  slope  of  0.9966  to  a 
positive  slope  of  1.0018. 

All  of  the  information  presented  in  this  report  is  based  on  experimental 
data.  As  with  any  result  based  on  experimental  data,  there  is  an  inherent 
scatter  involved;  that  is,  the  curves  and  tables  presented  represent  the 
"best  fit"  or  average  values  of  the  data,  with  some  associated  error  band. 

CONCLUSIONS 

1.  Cvclotol  70/30,  when  detonated,  can  generate  peak  pressure  and  positive 
impulse  values  which  are  greater  than  those  produced  from  an  equivalent  weight 
of  TNT. 

2.  The  blast  output  from  Cyclotol  70/30  is  dependent  upon  the  configuration 
from  which  it  detonates. 

3.  TNT  equivalency  values  were  determined  for  Cyclotol  70/30  in  three  con¬ 
figurations  that  simulate  in-plant  processing  and  shipping  containers. 

4.  To  within  experimental  limits,  blast  pressure  and  impulse  stale  as  a  cube 
root  function  of  the  charge  weight. 
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RKCOMMKNDAT 1 ONS 


1.  In  order  to  design  meaningful  experiments  and  tor  the  resulting  data 

to  he  intelligently  applied,  it  is  important  that  the  many  facLors  and  para¬ 
meters  that  at  feel  the  airblast  be  recognized  and  the  data  be  used  in  the 
context  in  which  they  were  derived. 

2.  The  TNT  equivalency  ol  pressure  and  impulse  values  determined  by  this 
test  series  should  be  used  in  the  structural  design  of  protective  facilities. 

1.  The  high  equivalency  values  obtained  lor  the  simulated  wood  hopper  in¬ 
dicate  the  need  lor  further  testing  of  different  hopper  configurations  tor 
improved  safety. 

a.  flaked  TNT  should  be  tested  in  configurations  that  simulate  in-plant  pro¬ 
cessing  and  shipping  containers  to  establish  a  standard  for  the  explosives  ot 
a  I  lake-type  physical  characteristic. 
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Table  1.  Transducer  calibration  and  placement  for  Cyclotol  70/30 
equivalency  testing 


Channel 

number 

Scaled 

distance 
m/kg  1/3 

(ft/lb1/3) 

Full-Scale 

calibration 

pressure 

kPa 

(psi) 

Expected 

pressure 

kPa 

(psi) 

Rj  distance  in  meters  (ft)  from  charge 

Charge 
weight 
13.61  kg 
(30  lb) 

Charge 
weight 
27.22  kg 
(60  lb) 

Charge 

weight 

45.36  kg 
(100  lb) 

Charge 
weight 
68.04  kg 
(150  lb) 

1 

ngm 

2068.5 

922 

2.84 

3.58 

4.24 

4.86 

2 

i m 

(300.0) 

(133.71) 

(9.32) 

(11.745) 

(13.92) 

(15.94) 

3 

1 

1 

3.79 

4.77 

5.66 

6.48 

4 

1 

(12.43) 

(15.66) 

(18.57) 

(21.25) 

5 

2.14 

517.2 

5.12 

6.44 

7.64 

8.75 

6 

(5.4) 

(75.0) 

(16.78) 

(21.14) 

(25.06) 

(28.69) 

7 

3.57 

103.4 

81.5 

8.53 

10.74 

12.73 

14.58 

8 

(9.0) 

(15.0) 

(11.82) 

(27.97) 

(35.234) 

(41.77) 

(47.82) 

9 

7.14 

34.5 

17.05 

21  .48 

25.47 

29.15 

10 

(18.0) 

(5.0) 

(55.93) 

(70.468) 

(83.55) 

(95.64) 

1 1 

15.9 

13.8 

8.14 

37.89 

47.73 

56.59 

64.79 

L  2 

(40.0) 

(2.0) 

(1.18) 

(124.29) 

(156.595) 

(185.66) 

(212.53) 

1 1 


PRECEDING  MO*  Flii® 
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Table  2.  Summary  of  test  results  13.61  kg  (30  lb)  charge  Cyclotol  70/30 
t'iberboard  shipping  container 


Radius 

J  Meters 

!  (ft) 

i 

Scaled 

Distance 

M/kg1/3 

(ft/lbl/3> 

Peak 

Pressure 

kPa 

(psi) 

Scaled 

Positive 

Impulse 
kPa.  ms/kg1/3 
(psi  ms/lb*/3) 

— 

Pressure 

TNT 

Equivalency 

r* 

Impulse 

TNT 

Equivalency  j 

i  2.84 

1 .  19 

2298.3 

349 . 5 

1 

1  (9.32) 

(3.0) 

(333.3  3) 

(38.^5) 

353 

327  ; 

r - 

;  3.79 

1.59 

131  2. 2 

(12.43) 

(4.0) 

(190.29) 

391 

210  ; 

1 

5.12 

2.14 

54  3.0 

161.0 

: 

(16.78) 

(5.4) 

(78.74) 

(17.94) _ 

2%n _ 

..  203...  1 

8.53 

3.57 

65.8 

;  (27.97) 

(9.0) 

(7.33) 

159 

_ 92 _ 

|  17.05 

7.14 

23.7 

40.1 

!  (55.93) 

(18.0) 

(3.43) 

98 

_ LLi _ 

j  37.89 

1" 

■B|\ 

■ 

1 

!  (124.29) 

_ 132 _ 

1  19  1 

Table  3.  Summary  of  test  results  27.22  kg  (60  lb)  charge  Cyclotol  70/30 
fiberboard  shipping  container 


1  Radius 
Motors 

(ft) 

Scaled 

Distance 

M/kg1/3 

(ft/lb l/3) 

Peak 

Pressure 

kPa 

(psi) 

Scaled 

Positive 
Impulse 
kPa,  ms/kg*/3 
(psi  ms/lb‘/3) 

Pressure 

TNT 

Equivalency 

C 

1 

Impulse 

TNT 

Equivalency 

3.58 

1 . 19 

3240.  1 

369.0 

(1  1.745) 

(3.0) 

(469.87) 

(41.11) 

564 

3  56 

1.59 

1398.9 

202.9 

(4.0) 

(202.87) 

(22.61) 

430 

197 

6.44 

2.  14 

— 

1  54.0 

(21 .  14) 

(5.4) 

mu 

(17.16) 

279 

.  )&!_ 

10.74 

3.57 

108.5 

73.9 

(35.234) 

(9.0) 

(15.74) 

(8.24) 

151 

1  16 

21  .48 

7.14 

52.0 

(70.468) 

(18.0) 

93 

1  73 

47.73 

1  1 

w 

(156.595) 

■mRh 

248 _ 

128 

12 


Table  4.  Summary  of  test  results  45.36  kg  (100  lb)  charge  Cyclotol  70/30 
fiberboard  transfer  box 


Radius 

Meters 

(ft) 


Scaled 

Distance 

ftl/kjrl/3 

(ft/lbl/3) 


Peak 

Pressure 

kPa 

(psi) 


|  5.66 

1.59 

1249.5 

1  (18.57) 

(4.0) 

(181.20) 

j  7.64 

2. 14 

581.9 

'  (25.06) 

(5.4) 

(84.39) 

j  12.73 

3.57 

1  16.7 

'  (41.77) 

(9.0) 

(16.92) 

72.0 

(8.02) 


Pressure  Impulse 

T  NT  T  NT 

Equi  valency  Equivalency 


Table  5.  Summary  of  test  results  68.04  kg  (150  lb)  charge  Cyclotol  70/30 
fiberboard  transfer  box 


4.86 

(15.94) 


6.48 

(21.25) 


8.75 

(28.69) 


14.58 


29.15 

(95.64) 


Scaled 

Distance 

M/kg)/3 

(ft/lbl/3) 

Peak 

Pressure 

kPa 

(psi) 

1.19 

3255.9 

(3.0) 

(472.17) 

1.59 

1883.2 

(4.0) 

(273. 10) 

2.14 

606.5 

(5.4) 

(87.96) 

3.57 

123.2 

7.14 

(18.0) 


327.6 

(36.50) 


234.7 

(26.15) 


Pressure 

TNT 


Impulse 

TNT 


Equivalency  Equivalency 


Table  6.  Summary  of  test  results  45.36  kg  (100  lb)  charge  Cyclotol  70/30 
simulated  wood  hopper 


'  Radius 
i  Meters 

>  (ft) 

1 

Scaled 

Distance 

M /kg 1/3 
(ft/lb1  /3) 

Peak 

Pressure 

kPa 

(psi) 

Scaled 

Positive 
Impulse 
kPa.  ms/kg^3 
(psi  ms/lb"3) 

Pressure 

TNT 

Equivalency 

Impulse 

TNT 

Equivalency 

4.24 

1 .19 

3647.8 

367.3 

ti  ■).«'■>) 

(3.0) 

(529.00) 

(40.92) 

657 

356 

■|  ,  .  am |  ■  1  ■  ■ 

j  5.66 

1.59 

(18.57) 

(4.0) 

466 

1  7.64 

2.14 

910.3 

243.5 

]  (25.06) 

(5.4) 

(132.01) 

(27.13) 

585 

395 

12.73 

3.57 

81  .3 

!  (41.77) 

(9.0) 

HffXfRI 

19.061 

216 

133 

I  25.47 

7.14 

— 

26.1 

j  (33.55) 

(18.0) 

(2.91) 

168 

57 

8.0 

22.  3 

t 

(1.16) 

(2.48) 

94 

147 

Table  7 

.  Summary  of  test  results  68. 

04  kg  (150  lb)  charge  Cyclotol  70/30 

simulated  wood 

hopper 

Radius 

Scaled 

Peak 

Scaled 

Pressure 

Impulse 

Meters 

Di  sta  nee 

Pressure 

Positive 

TNT 

TNT  1 

(ft) 

M  Agf^3 

kPa 

Impulse 

Equivalency 

Equivalency  1 

j 

(ft/lb1/3) 

(psi) 

kPa.  ms/kg'^3 

r* 

i 

| 

MBBESEBil 

i 

|  4.86 

1.19 

3723.7 

367.6 

1 

i 

(15.94) 

(3.0) 

(540.00) 

(40.96) 

680 

362  j 

6.48 

1.59 

2437.4 

264.0 

(21.25) 

(4.0) 

(353.46) 

(29.41) 

904 

298 

8.75 

2. 14 

909.2 

216.6 

! 

(28.69) 

(5.4) 

(131.85) 

(24.13) 

588 

12.4- 

14.58 

3.57 

151 .0 

81  .0 

(47.82) 

(9.0) 

(21.90) 

237 

131 

29.15 

7.14 

30.4 

(95.64) 

(18.0) 

(4.41) 

154 

71 

64.79 

8.0 

mmgm 

(212.53) 

(1.16) 

mmSm 

94 

112 

Table  8.  Fireball  diameter  and  duration 


Charge 

weight 

kg 

(lb) 

13.61  kg 

(30 

lb) 

Shipping 

container 

27.22  kg 

(60 

lb) 

Shipping 

cont 

ainer 

45.36  kg 

(100 

lb) 

Transfer 

box 

68 . 04  kg 

(150 

lb) 

Transfer 

box 

45.36  kg 

(100 

lb) 

Wood  hopp 

er 

Maximum 
fireball  diameter 
meters 
(ft) 


Fireball  duration 
msec 


68.04  kg  (150  lb) 
Wood  hopper 


36.51  cm 
(14.375  in.) 


SCALED  SHIPPING  CONTAINER  (13.61  kg;  30  lb.) 

28.89  cm 
(11.375  in.) 


14.39  cm 
(5.625  in.) 


35.56  cm 
(14.0  in) 


18.10  cm 
(7.125  in.) 


44.77  cm 
(17.625  in.) 


1  b.  STANDARD  SHIPPING  CONTAINER  (27.22  kg;  60  lb.) 


37.85  cm 


1  d.  SCALED  F1BERBOARD  TRANSFER  BOX 
(68.04  kg;  150  lb.) 


(68.04  kg;  150  lb.) 


Figure  1.  Test  container  configuration 


3.05  m  (10  ft) 


- - - 

Hycam -color  (1000  fps) 


Mitchell  color  (24  fps) 


To  test  control 
center 


Figure  2.  Test  area  showing  charge  placement,  transducer  placement  and 
camera  placement 
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PLAK  Piu: SSI  HP,  psi,  AND  SCALKI)  IMPILSK,  psi  ■  ms/'lb 


300 


Figure  3.  TNT  hemisphere  reference  data 
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Peak  pressure,  psi 


Impulse  Scaled  Distance,  m/kg 


1  2  4  6  10  20 


..  ,  -j. 


1  *-*•  "t 


L/D  =  0.50: 1  I 

’  *  •  I  i  I  !  I 1  -  -  *.  t  V  l  4  ♦-  4  *  4  ♦  *-  -  — I  ^4- 
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Figure  10.  Pressure  and  impulse  versus  scaled  distance 
for  Cyclotol  70/30,  68.04  kg  (150  lb)  charge 
in  fiberboard  transfer  box 
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11.  Pressure  and  impulse  TNT  equivalency  for 
68.04  kg  (150  lb)  fiberboard  transfer  box 
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Figure  12.  Pressure  and  impulse  versus  scaled  distance 
for  Cyclotol  70/10,  41.16  kg  (100  lb)  charge 
in  simulated  wood  hopper 
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Cyclotol  70/30  pretest  configuration  13.61  kg  (30  lb) 
fiberboard  shipping  container 


Cyclotol  70/30  posttest  configuration  13.6)  kg  (30  lb) 
fiberboard  shipping  container 
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Cyclotol  70/30  pretest  configuration  45.36  kg  (100  lb) 
fiberboard  transfer  box 
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